The CuAlMn shape memory alloys having various chemical compositions were prepared by arc melting method to control the phase transformation parameters. The phase transformation parameters and structural properties of the alloys were investigated by dierential scanning calorimetry and optic microscopy, respectively. The eects of the chemical composition on characteristic transformation temperatures, enthalpy and entropy values of CuAlMn ternary system were investigated. The characteristic transformation temperatures of austenite and martensite phase (As, A f , Ms, and M f ) are increased with change in the chemical composition of the alloys. The average crystallite size for the alloys was calculated to determine the eect of aluminum and manganese compositions on the transformation temperatures. The change in transformation temperatures indicates the same trend with change in crystallite size. The obtained results suggest that the phase transformation parameters of the CuAlMn alloys can be controlled by Al and Mn contents.
Introduction
The behavior of advanced materials such as shape memory alloys (SMAs) is signicant under various thermal and mechanical conditions due to the thermoelastic martensitic transformation, which occurs in most of these materials. Thermoelastic martensitic transformation is rst-order solidsolid phase transformation and is explained by the collective motion of atoms [1, 2] . During the transformation, temperature hysteresis (A f M s ) proceeds from the absorption of the internal energy described by three mechanisms: (i) dissipation of energy due to internal friction, (ii) storage of energy, (iii) heat transfers due to the latent heat of phase change [36] . The technical importance of SMAs is based on the properties such as high damping capacity, pseudoelasticity (PE) and shape memory eect (SME). In Cu-based SMAs, unique thermomechanical properties derive from the thermoelastic martensitic transformation and depend on crystal structures of the phases involved in transformation process. Cu-based SMAs exhibit a martensitic transformation on cooling and austenite transformation on heating and during cooling process, close-packed structures are characterized by long period stocking order such as 6R, 18R, and 2H type structures [710] .
To our knowledge, there is not any study on eects of chemical composition on shape memory parameters of CuAlMn with higher manganese and lower aluminum content. Thus, our aim is to investigate the change in phase transformation temperatures, thermodynamic parameters and microstructure properties of CuAlMn alloys. * corresponding author; e-mail: caksu@firat.edu.tr 2. Experimental CuAlMn shape memory polycrystalline alloys with nominal compositions given in Table I were produced by arc melting. The specimens were solution-treated at 1123 K for 1 h and quenched in iced-brine water. The characteristic transformation behaviors and kinetic parameters were determined by Shimadzu DSC-60A dierential scanning calorimetry. The chemical compositions of the alloys were determined by LEO evo 40 Model energy dispersive X-ray (EDX). The phases present in the polycrystalline samples were determined by Rigaku RadB-DMAX II diractometer with Cu K α radiation at room temperature. The microstructure and morphology of martensites formed in samples were observed using Nikon MA200 model optical metallographic microscope. with dierent compositions, after solution and quenching treatment, experience the thermoelastic martensite transformation, (L2 1 ) → (18R). The martensite reorientation under external force causes a thermoelastic martensite transformation and in turn, the alloys exhibit the shape memory eect. The microstructure of the alloys was analyzed by optical microscopy observations and optic images of the alloys are given in Fig. 2 . As seen in Fig. 2 , the martensite variants, grains, and grain boundaries occur in the structure of the each sample. The morphology of the alloys were changed with variation in aluminum and manganese contents. To analyze the eects of crystallize size on transformation temperatures of the alloys, we determined crystallite size (D) for each sample by the DebyeScherrer equation [11, 12] .
where λ is the wavelength of the X-ray (Cu K α radiation), B is the peak full width at half maximum and θ is the Bragg angle. The crystallite size for the alloys were calculated by means of Eq. (1) and the crystallite size was plotted as a function of transformation temperatures and are given in Fig. 3 . As seen in Fig. 4 , the phase transformation temperatures (M s , A s ) exhibits the similar trend with crystallite size. This indicates that the crystallite size aects the phase transformation temperatures. 
Thermal properties of the CuAlMn alloys
We have analysed phase transformation behavior with dierential scanning calorimetry measurements. The DSC measurements for heating and cooling were performed with a heating/cooling rate of 25 K/min and obtained DSC plots of the CuAlMn alloys were shown in Fig. 4 . The characteristic transformation temperatures such as A s , A f , M s , and M f of the alloys were determined from Fig. 4 and are given in Table II . As seen in Fig. 4 , DSC curves give the large exothermic and endothermic peaks, which is in good correspondence with martensitic and reverse transformations at around 340470 K for samples CAM1, CAM2, CAM3, and 720820 K for CAM4 sample. The transformation temperatures of the studied alloys are higher than that of Cu20.4Al8.7Mn (at.%) and Cu25.3Al4.1Mn (at.%) alloys [13] . Whereas the temperatures of CAM1, CAM2, CAM3 shape memory alloys are lower than that of Cu11.9Al2.5Mn (wt%) shape memory alloys produced by sintering-evaporation process and the CAM4 alloy has the high transformation temperature [14] . These results indicate that the transformation temperatures for austenite and martensite phase vary with the variation in aluminum and manganese contents in the copper matrix. The change in A s M s hysteresis is important to determine the shape memory eect. Because whatever the hysteresis is narrow, shape memory eect is high [15] . On the basis of this, the hysteresis value (A s M s ) versus manganese concentration is shown in Fig. 5 . As seen in Fig. 5 , the hysteresis value is changed with manganese content. Fig. 6 , with increasing Al content up to 25 at.%, M s temperature decreases and then slight decrease was observed. A sudden decrease in M s temperature is due to decrease in crystallite size. In addition to crystallite size, it is well known that the alloy composition is an important eect on the change of M s temperature. Whereas, temperature hysteresis is increased with Al content and after 28 at.% Al content, it decreases suddenly. These results suggest that the transformation temperatures are changed with the crystallite size and alloy composition. Enthalpy ∆H values of phase transformation were determined from DSC curves using tangent method and are given in Table II.  As seen in Table II , the ∆H value is changed with alloy composition. The relation between transformation energy and thermodynamic equilibrium temperature can be written as [16] :
where ∆S is the entropy change, ∆H is the enthalpy change, and T 0 is the equilibrium temperature between martensite and austenite phases calculated by the relation of T 0 = (A f + M s )/2 [17] . The ∆S values were determined by Eq. (2) and are given in Table II . The ∆S values of the alloys were changed by alloy composition. It is seen that the shape memory behavior of the alloys depends on thermodynamic parameters. We have determined the kinetic parameters such as activation energy on the basis of DSC results. For this, we used Kissinger method given by [18] :
where φ is the heating rate, T m is the maximum temperature of the DSC peak, R is the universal gas constant and E is the activation energy. To calculate activation energy of phase transformation, we plotted the curves of ln(φ/T 2 m ) vs. 1000/T shown in Fig. 7 . The activation energy values were determined from the slope of Fig. 7 and the activation energy values of the CAM1, CAM2, CAM3, and CAM4 samples were found to be 108.156, 195.54, 181.87, and 305.24 kJ/mol, respectively. The activation energy value for the alloys is increased with Al and Mn contents. This indicates that Al and Mn contents increase the phase transformation temperatures. Fig. 7 . Activation energy curves of CAM1, CAM2, CAM3, and CAM4 samples.
Conclusions
The CuAlMn shape memory alloys having various chemical compositions were prepared by arc melting method. The phase transformation temperatures, enthalpy, and entropy values of CuAlMn ternary system were determined. It was found that the phase transformation temperatures of the alloys were changed by alloy composition. The change in phase transformation temperature was explained on the basis of crystallite size and alloy composition. The obtained results suggest that the phase transformation parameters of the CuAlMn alloys can be controlled by crystallite size and metal contents in matrix.
